Glyceraldehyde-3-phosphate dehydrogenase catalyzes the NAD-coup1ed phosphorylation of D-glyceraldehyde-3-phosphate, the reaction product being 1 ,3-diphospho-n-glycerate. Wu and Racker (1) suggested that the reaction catalyzed by this dehydrogenase was the main rate limiting factor in the glycolytic pathway of ascites tumor metabolism. This enzyme has been a favorite for various enzymological studies because of the importance of the reaction as a prototype for oxidative phosphorylation mechanisms (2). This paper presents the results of a study in the quantitative distribution of glyceraldehyde-3-phosphate dehydrogenase in the skin and appendages of the rhesus monkey and stump-tail macaque. We have attempted a partial characterization of this enzyme in the epidermis.
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MATERIALS AND METHODS1
Sheets of epidermis 0.1 mm in thickness were obtained from rhesus monkeys (Macaca mulatta) with a keratotome; epidermal homogenates in distilled water or in 0.32 M sucrose solution were prepared using ground glass homogenizers. These homogenates were used f or a characterization of the glyceraldehyde-3-phosphate dehydrogenase.
The assay method described by Wu and Racker (1) was adapted for fluorometric measurement which permitted remarkable sensitivity. The principle of the assay method is based on the fluorometric measurement of NADH produced by this enzyme reaction, in which system a substrate, n-glyceraldehyde-3-phosphate, is furnished by the reaction of fructose-i ,6-diphosphate and aldolase. The complete assay reagents consisted of 4 mM fructose-1 ,6-diphosphate, 30 g/ml reagent mixture crystalline aldolase from rabbit muscle, 3 mM NAD, 40 mM sodium arsenate, 1 mM EDTA, 5 mM 'Abbreviations used are: NAD and NADHnicotinamide adenine dinucleotide, oxidized and reduced forms; EDTA = ethylenedinitrilotetraacetic acid; pCMB = p-chloromercuribenzoic acid. mercaptoethanol, 0.05% bovine plasma albumin, 0.1 M 2-amino-2-methyl-1 ,3-propanediol buffer, pH 8.6, and 5 l of the homogenate (2%, usually) in a total volume of 55
The mixture was incubated at 37° C for 30 minutes and the NADH formed was measured as described in a previous paper (3).
The material and analytical technics for the quantitative histochemical studies were the same as those used in preceding studies (3) . Appropriate standards and blanks were always run simultaneously.
RESULTS
The optimum pH range for glyceraldehyde-3-phosphate dehydrogenase was found to be between 8.4 and 8.7 (Fig. 1) . The enzyme activity in tris buffer seemed to be approximately 15% less than that assayed in 2-amino-2-methyl-1-propanol buffer. Enzyme activity at physiological pH was less than one-half of the optimum activity. Figure 2 shows the effect of fructose-i ,6-diphosphate concentration. An optimum reaction was obtained between 2 and 9 mM. The effect of aldolase concentration was also tested and the optimum enzyme reaction was attained at 20 to 50 g/ml reagent mixture of aldolase. Further increases in aldolase concentration caused marked inhibition of dehydrogenase activity (50% inhibition at 150 ig/ ml). Figure 3 shows the effect of NAD. The optimum concentration of NAD was found to be 2 to 4 mM. When an activator, mercaptoethanol, was omitted from the reaction mixture the activity reached an optimum at 1 mM of NAD concentration. The effect of arsenate is shown in Fig. 4 . An arsenate concentration between 20 and 50 mM yielded a nearly optimum reaction; however, it inhibited 50% of the reaction at 120 mM. When the arsenate was replaced with orthophosphate, enzyme activities chemicals were commercially available and of reagent grade except for 2-amino-2-methyl-i , 3- propanediol and 2-amino-2-methyl-1-propanol, which were practical grade. The crystalline aldolase had a specific activity of 10 moles of fructose-i ,6-diphosphate to dihydroxyacetone phosphate and glyceraldehyde-3-phosphate per mm. per mg protein at pH 7.4 at 25° C. activity. As shown in Table II were similar up to 20 mM of the phosphate concentration.
The effects of some activators and inhibitors are summarized in Tables I and II. The enzyme activity was strongly influenced by sulfhydryl reagents (Table I) . Both 1-cysteine and mercaptoethanol increased the enzyme activity two and three times, respectively; on the other hand, pCMB completely inhibited the enzyme The stoichiometry of this enzyme reaction under similar assay conditions has been proved previously by Bernstein and Sweet (4). Thus, the established optimum assay method assessed a linear rate of enzyme reactions over a wide range, nearly up to 70 mjmoles NAD/tube (Fig. 5) .
The distribution pattern of enzyme activity in various parts of the skin and appendages is summarized in Table IV . In general, this dehydrogenase was found to be 10 times more active than hexokinase or fructoaldolase in the skin and appendages of these animals (3, 5) . The mucous membrane and the epidermis appeared Bovine plasma albumin 60 * The complete system as described in the text. The concentration of the enzyme (epidermal homogenate) used was 125%, 2.5%, 5% and 10%
as indicated in the figure. to be the richest sites of the enzyme activity (4.2-11.3 moles/hr/kg dry wt.). It is noteworthy that the keratin layer contains a considerable amount of the enzyme activity (2.6 moles/kr! kg dry wt.). The activities in apocrine and yebaceous glands were relatively lower (1.8 to 3.6 moles/hr/kg dry wt.) in comparison to those in the epidermis and other appendages.
DISCUSSION
Glyceraldehyde-3-phosphate dehydrogenase was abundantly present in the epidermis and skin appendages. In addition, considerable amounts of this enzyme activity were found in the keratin layer of sole epidermis. The keratin layer, in general, is thought to be devoid of enzyme activity; our previous studies have shown practically no hexokinase or fructoaldolase activity in it (3, 5) . It is not conceivable that this dehydrogenase itself participates in glycolysis in the keratin layer of sole epidermis; the high dehydrogenase activity in the keratin layer may merely reflect the high stability of this enzyme, ic., its molecular structure may be NADH
